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EFFECTS OF COMPETITIVE 
BLOOD FLOW ON 
ARTERIAL GRAFT 
PATENCY 
AND DIAMETER 
Medium-term 
postoperative 
follow- up 
To identify predictors of arterial graft patency, we followed up 30 internal 
thoracic arterial grafts and 23 right gastroepiploic arterial grafts in situ 
with patency documented during postoperative angiography. After 24 
months of follow-up on average, repeat angiography detected that one 
internal thoracic artery and two gastroepiploic arteries were anatomically 
occluded and that the other three gastroepiploic arteries were nonfunction- 
ing. The logistic regression model identified a relationship between graft 
patency and competitive flow, which was detected as stenosis in the 
recipient coronary arteries (coefficients, p < 0.05; model, Hosmer-  
Lemeshow X 2 statistic 3.59, p = 0.89). The linear regression model 
demonstrated that changes in graft luminal diameter correlated with 
competitive flow (p < 0.01), smoking history (p < 0.05), and type of arterial 
grafts (p < 0.001) (R 2 = 0.40, adjusted R 2 = 0.36). The findings suggest a 
temporal relationship between competitive flow and prognosis of arterial 
graft. (J THORAC CARDIOVASC SURG 1996;111:399-407) 
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C oronary artery bypass grafting with the use of arterial conduits is preferable to that with the 
saphenous vein graft. Several reports have demon- 
strated that the internal thoracic artery (ITA) has 
excellent long-term patency and better patient out- 
comes relative to those with the saphenous vein 
graft. 1 The right gastroepiploic artery (GEA) is also 
currently available and has proved its durability. 2'3 
The indication for use of the arterial graft was 
initially limited because of concerns regarding di- 
minished runoff when compared with that of the 
saphenous vein graft. An initial criterion for the use 
of the ITA involved use of a recipient coronary 
artery of equal or smaller luminal size. 4 This crite- 
rion was revised after it was demonstrated that 
arterial grafts adapt to local blood flow demand. 5 
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Several case reports have shown that the ITA 
responds to changes in flow demand because of 
the progression of stenosis in the recipient coro- 
nary artery. 6-8 Kitamura nd associates 9 have proved 
angiographically that the ITA responds rapidly after 
temporary occlusion of recipient coronary flow dur- 
ing angioplasty. Furthermore, Seki and associates 1°
have quantified the relationship between ITA diam- 
eter and recipient coronary artery stenosis. 
However, this relationship was identified with use 
of a cross-sectional design. There is no information 
regarding changes in graft diameter with time. 
Moreover, it is a subject of controversy whether the 
"distal narrowing phenomenon," thought o be a 
negative adaptation to competitive flow from the 
recipient coronary artery, 11 is related to graft pa- 
tency. 
Our current study examines in situ arterial graft 
patency and diameter changes during the postoper- 
ative period with the use of angiography. During a 
follow-up period of 24 months on average, we 
identified factors that would affect medium-term 
arterial graft patency, particularly in relation to 
stenosis within the recipient coronary artery. An 
additional purpose of this study was to demonstrate 
changes in arterial graft diameter over time and 
assess the effects of the stenosis in the recipient 
coronary artery on graft luminal diameter. 
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Material and methods 
Between January 1983 and December 1992, 938 pa- 
tients had coronary artery bypass grafting done at our 
institution. We retrospectively selected patients with 
patent ITA or GEA grafts in situ documented uring 
postoperative angiography. The initial angiogram (study 
I) was done within 3 months of the operation. A second 
angiographic evaluation (study II) was done during a 
follow-up period of more than 6 months after the oper- 
ation. Informed consent was obtained before cardiac 
catheterization i  all patients after explanation of poten- 
tial risks associated with the procedure. 
A total of 38 patients were eligible and enrolled in the 
study. The mean age of the patient population was 57 -+ 8 
years. There were 35 men and 3 women. A total of 30 ITA 
and 23 GEA grafts were placed. Fifteen patients had both 
ITA and GEA grafts. Sixteen patientS underwent a repeat 
catheterization because of recurrent chest discomfort. 
The remaining 22 patients were free of symptoms. 
Information regarding the presence of coronary risk 
factors such as diabetes, hyperlipidemia, and smoking 
history were obtained from all patients at the time of study 
I. Data regarding a history of hypertension were not used 
in the analysis because most patients were treated with 
vasodilator therapy before the operation; thus these data 
were believed to be susceptible to misclassification: All 
patients were taking either antiplatelet or anticoagulant 
medications. Data were also collected concerning the 
number of vessels involved, the number of grafts present, 
and the type of recipient coronary artery noted. 
Angiographic procedures were done selectively in the 
ITA and the GEA with use of a method previously 
described. 12 All patients underwent evaluation with the 
use of nitrate derivatives given before or during the 
procedure or at both times. In the evaluation of the GEA 
only, a dose of 0.01 p~g of intraarterial prostaglandin E was 
also administered to prevent vasospasm of the vessel. 
During angi0graphic evaluations, the most severe ste- 
notic region in the recipient coronary artery was measured 
relative to the adjacent normal coronary diameter from a 
projection that gave the most severe view of the legion. 
Similarly, graft diameter atio at the anastomosis was 
measured in the most narrowed segment of the graft 
conduit relative to the adjacent normal giaft diameter. 
This narrowing ratio was measured regardless of type of 
anastomotic graft narrowing, such as anastomotic steno- 
sis, perianastomotic narrowing, and diffuse distal narrow- 
ing. For occluded grafts at study II, the graft diameter was 
assumed to be zero and the narrowing rate 100%. Evalu- 
ation was quantitatively done with a densitometry tech- 
nique with the Cathex CCIP-310 Heart system, version 
3.10 (Cathex Co., Tokyo, Japan). 
Significant differences were determined by a Student's 
unpaired t test for continuous data and a Fisher's exact 
test for nominal and ordinary data. Ap  value of <0.05 was 
considered significant. 
The relationship between graft patency at study II and 
parameters obtained at study I was evaluated by the 
logistic regression model with use of the maximum log 
likelihood method. Using patency as a dependent vari- 
able, simple logistic regression was done for the bivariate 
analysis. ~3 The multiple regression model by a stepwise 
method was obtained with use of a log likelihood test. A 
p value of <0.05 was considered significant. The goodness 
of fit of the model was demonstrated byuse of Hosmer- 
Lemeshow )(2 statistic.14 
We then attempted to create a linear regression model 
using the least-square method to explain changes in graft 
diameters between studies I and II. The dependent vari- 
able was defined as graft diameter at study II minus graft 
diameter at study I. A bivariate analysis using the simple 
linear regression was done to screen candidate variables 
collected at study I for a multiple regression model. 15 The 
final model was obtained using a partial F test, 16 accepting 
a p value of <0.05 as significant. 
All continuous data were treated as continuous vari- 
ables. Data regarding raft patency and risk factors were 
treated as dichotomous indicators. The number of the 
involved native vessels and the anastomotic regions were 
treated as score variables. The statistical analysis was done 
with STATA software, version 3.01 (Computing Resource 
Center, Santa Monica, Calif.). 
Results 
Baseline characteristics. Table I demonstrates 
patient characteristics and angiographic data ob- 
tained during study I. The study was done 21 _+ 19 
days after operation (range 9 to 90 days). Study II 
was done 24 _+ 9 months after operation (range 7 to 
62 months). 
There was no significant difference with respect o 
coronary risk factors, numbers of involved vessels, 
and numbers of the anastomoses between patients 
with ITA  grafts and those with GEA grafts. The 
diameter of GEA grafts was significantly larger than 
that of ITA  grafts, most likely because of the effects 
of prostaglandin E during the evaluation. The anas- 
tomotic narrowing was more severe in the GEA 
than in the ITA. The most remarkable difference 
between the ITA  and the GEA was with respect o 
the recipient coronary artery: most ITA grafts were 
anastomosed to the left anterior descending artery, 
whereas most GEA grafts were anastomosed to the 
right coronary artery. 
Graft patency. During study II, 1 out of 30 ITAs 
and 2 out of 23 GEAs were noted to have total 
occlusion. The patency rate was 97% in the ITAs 
and 91% in the GEAs. Three GEAs were not 
depicted with selective manual gastroduodenal n- 
giography and opacified retrogradely in native cor- 
onary angiography. These GEA grafts were catego- 
rized as anatomically patent but physiologically 
nonfunctioning. 
Predictors of graft patency. Six nonfunctioning 
grafts were compared with the other patent grafts 
(Table II). There were significant differences re- 
garding the presence Of hyperlipidemia, smoking 
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Table I. Baseline characteristics 
Total ITA GEA 
(n = 53) (n = 30) (n = 23) p Value 
Age (yr) 
Postoperative angiogram (postop. day) 
Stenosis in recipient coronary artery (%) 
Graft diameter (ram) 
Anastomotic narrowing (%) 
Follow-up angiogram (postop. mo) 
Gender 
Female 
Male 
Smoking history* 
Yes 
No 
Diabetes* 
Yes 
No 
Hyperlipidemia* 
Yes 
No 
Severity of coronary disease* 
1 Vessel 
2 Vessels 
3 Vessels 
3 plus LMT 
No. of bypass grafts* 
1 
2 
3 
4 
Recipient coronary artery 
LAD 
Cx 
RCA 
57 -+ 8 58 -+ 9 55 ± 6 
21±19 21±16 22±22 
87 ± 17 88 ± 17 85 -+ 16 
2.0 ± 0.6 1.8 ± 0.5 2.3 ± 0.7 
33 -+ 28 27 ± 26 42 ± 28 
24±9 23±11 25±6 
5 3 2 
48 27 21 
40 24 16 
12 6 6 
29 17 12 
23 13 10 
19 10 9 
33 20 13 
2 1 1 
12 8 4 
37 20 17 
1 1 0 
2 1 1 
12 7 5 
17 11 6 
21 11 10 
28 3 
2 3 
0 17 
0.01 
0.05 
<0.01 
LMT, Left main trunk; LAD, left anterior descending artery; Cx, left circumflex artery; RCA, right coronary artery. 
*One missing in the GEA group. 
history, and the graft diameter at study I (p = 0.05). 
Anastomotic narrowing was marginally significant 
(p = 0.07). Stenosis in the recipient coronary artery 
was significantly more severe in functioning grafts 
relative to that in nonfunctioning ones (p < 0.01). 
The results of bivariate analysis are shown in 
Table III. The degree of recipient coronary artery 
stenosis was the only significant factor found to be 
associated with graft patency (p < 0.01). The type of 
arterial graft used was only marginally significant 
(p = 0.07). The first multiple logistic regression 
model was built using three parameters: age, native 
coronary stenosis, and anastomotic narrowing. Al- 
though the type of arterial graft used had a p value 
of less than 0.25, only one ITA was occluded and the 
distribution of the parameter was highly skewed, 
and thus it was not included in the model. The final 
model included the latter two parameters (Table 
IV). Of these, only the degree of recipient coronary 
artery stenosis had a p value of less than 0.05. Any 
interaction terms between parameters were not in- 
cluded in the model significantly. The final model 
had a Hosmer-Lemeshow statistic equal to 3.59 
(p = 0.89), which showed fair goodness of fit of the 
model. 
The same procedure was repeated after the three 
anatomically patent but nonfunctioning grafts were 
recategorized as patent. A bivariate analysis demon- 
strated that no parameter had ap value of less than 
0.25 with the exception of the degree of recipient 
coronary artery stenosis (p = 0.12). A multiple 
regression model was not available because no 
significant p values were obtained from the param- 
eters examined. 
Further analysis was done focusing on the distri- 
bution of the stenosis in the recipient coronary 
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Table II. Comparison between onfunctioning and functioning rafts 
Non functioning Functioning 
(n = 6) (n = 46)* p Value 
Age (yr) 
Postoperative angiogram (postop. day) 
Stenosis in recipient coronary artery (%) 
Graft diameter (mm) 
Anastomotic narrowing (%) 
Follow-up angiogram (postop. too) 
Gender 
Female 
Male 
Smoking history 
Yes 
No 
Diabetes 
Yes 
No 
Hyperlipidemia 
Yes 
No 
Severity of coronary disease 
1 Vessel 
2 Vessels 
3 Vessels 
3 plus LMT 
No. of bypass grafts 
1 
2 
3 
4 
Recipient coronary artery 
LAD 
Cx 
RCA 
53 _+ 7 58 +_ 7 
29 -+ 17 20 _+ 30 0.05 
66 + 28 89 _+ 14 0.01 
1.7 _+ 0.3 2.0 _+ 0.6 0.05 
52 _+ 24 30 _+ 26 
26 _+ 4 24 _+ 10 0.05 
0 5 
6 41 
5 35 0.05 
1 11 
3 26 
3 20 
2 17 0.05 
4 29 
0 2 
2 10 
4 33 
0 1 
1 1 
1 11 
2 15 
2 19 
0 33 
2 2 
4 11 
LMT, Left main trunk; LAD, left anterior descending artery; Cx, left circumflex artery; RCA, right coronary artery. 
*One missing. 
artery and its relationship with graft patency. As Fig. 
1 shows, four out of six nonfunctioning rafts has 
less than 60% stenosis in the recipient vessel. All 
functioning grafts had more than 60% stenosis in 
the recipient artery. 
Changes in graft diameter. The change in graft 
diameter between studies I and II was calculated as 
defined earlier in this paper. Eighteen grafts dem- 
onstrated a reduction in luminal diameter, five 
demonstrated no change, and the other 30 demon- 
strated an increase in diameter. Diameter change 
less than -0.8 mm was a threshold to accurately 
predict graft patency in all but one graft (Fig. 2). 
Bivariate analysis using a simple regression model 
demonstrated that age, gender, smoking history, 
graft diameter, anastomotic narrowing, type of arte- 
rial graft used, and stenosis of the recipient coronary 
artery had p values of less than 0.25 (Table V). 
With the exception of gender, all parameters were 
included in the first multiple regression model. 
Gender was excluded from the model because it was 
correlated highly with the other parameters and 
might result in multicolinearity problems. The final 
model included the following parameters with sta- 
tistical significance: stenosis in the recipient coro- 
nary artery, smoking history, and type of arterial 
graft used (Table VI). This model had a coefficient 
of determination (R 2) of 0.40 (adjusted R 2 = 0.37). 
No interaction terms were significantly included. 
Discussion 
In this study, we observed excellent long-term 
patency of the arterial bypass conduits. The result is 
consistent with those of previous reports. Our logis- 
tic regression model demonstrated that anastomotic 
graft narrowing and the degree of the recipient 
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Table III. Bivariate analysis of graft patency 
TF 
100 
Odds ratio 95% CI p Value 
Age 
Stenosis in recipient coronary artery 
Graft diameter 
Anastomotic narrowing 
Follow-up angiogram 
Gender* 
Smoking history (no = 0, yes = 1) 
Diabetes (no = 0, yes = 1) 
Hyperlipidemia (no = 0, yes = 1) 
Severity of coronary disease 
Type of arterial graft (ITA = 0, GEA = 1) 
0.90 0.8 1.04 0.16 
0.91 0.86 0.98 0.007 
0.45 0.08 2.43 0.36 
1.02 0.98 1.05 0.24 
1.03 0.94 1.12 0.57 
1.57 0.69 14.92 0.39 
0.76 0.14 4.22 0.76 
0.85 0.14 5.15 0.86 
0.86 0.2 3.64 0.84 
8.05 0.87 74.6 0.07 
CI, Confidence interval. 
*Logistic model could not be constructed because all patients with occluded grafts were male. 
coronary artery stenosis predicted arterial graft pa- 
tency. Stenosis more than 60% in the recipient 
vessel was a dividing line between functioning and 
nonfunctioning rafts. The graft diameter was re- 
duced more than 0.8 mm in occluded grafts, and 
changes in graft diameter were predicted in the 
regression model by smoking history, the type of an 
arterial graft, and the degree of stenosis in the 
recipient coronary artery. 
It is known that inappropriate anastomosis and 
technical insufficiency during dissection of the graft 
conduit can result in narrowing and obstruction of 
the arterial graft, a7 Because our study included only 
patent grafts during the early postoperative valua- 
tion, the impact of these technical issues may be 
underestimated. 
However, the graft narrowing rate at the GEA 
anastomosis n study I may need some consider- 
ation. The operative technique used, of which de- 
tails were reported previously, ashas been broadly 
accepted. Among five nonfunctioning GEA grafts, 
four showed less than 30% anastomotic narrowing 
and had no technical problems. Narrowing was 
unlikely to have been related to suture placement 
because it was measured in the conduit rather than 
the heal or the toe of the anastomosis. Because we 
used prostaglandin E during the evaluation of the 
GEA to obtain maximum vascular elaxation, this 
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Table IV. Multiple logistic regression model of 
graft patency 
Odds ratio 95% CI p Value 
Stenosis in recipient cOro- 0.9 0.84-0.98 0.01 
nary artery 
Anastomotic narrowing 1.02 0.98-1.04 0.18 
CI, Confidence interval. Log likelihood = -8.677. Hosmer-Lemeshow X 2 
(degree of freedom = 8) = 3.59.p Value = 0.89. 
may have led to a larger reference graft diameter, 
which may bias the narrowing rate higher. Another 
possibility i s that competitive flow from the recipient 
artery precludes opacificati0n by the contrast mate- 
rial Of the dilated graft, which may result in over- 
estimation of the narrowing rate by densitometry 
measure. 
Our data suggeSt that 60% stenosis in the recipient 
coronary artery could be a watershed for graft patency. 
Of two nonfunctioning grafts that had more than 60% 
stenosis in the recipient vessel, one was Subjected to 
balloon angioplasty of the recipient artery regioia dur- 
ing a follow-up period. Thus competitive flow could 
also affect he patency of this graft. 
Although controversy exists, previous studies 
have examlned effects of competitive flow be- 
tween the graft conduit and the recipient coronary 
artery with respect to the arterial graft patency. 
Urschel and colleagues 19 concluded from their 
results of intraoperative angioplasty that compet- 
itive flow may not affect graft patency. The study, 
which examined 42 grafts, was descriptive in de- 
sign and had no control group. Cosgrove and 
ass0ciates 2°compared 13 ITAs that were anasto- 
mosed to recipient coronary arteries with less than 
50% stenosis with 27 ITAs that were anastomosed 
to recipient vessels with more severe stenosis. The 
authors reported that there was no difference 
between these two groups in terms of graft pa- 
tency. In our study, patent grafts were anasto- 
mosed to recipient arteries with an average ste- 
nosis of 89%, whereas occluded grafts were 
anastomosed to arteries with an average of 66% 
stenosis. Because our data showed that 60% ste- 
nosis might be a threshold, 50% stenosis may be 
too low as a criterion to give a change in local 
coronary flow and may underestimate the effect of 
different competitive flow status on graft patency: 
However, whether the anatomically occluded 
grafts and the n0nfunctioning rafts should be 
viewed in a similar manner is still unclear. Seki and 
colleagues 1°have demonstrated the quantitative r - 
lationship between the recipient coronary stenosis 
and graft diameter in postoperative angiographic 
evaluation. In the analysis~ they included patients 
with occluded ITAs because the relationship be- 
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Table V. Bivariate analysis of graft diameter change* 
Coefficient 95% CI p Value 
Age 
Gender (male = 0, female = 1) 
Follow-up angiogram 
Stenosis in recipient coronary artery 
Anastomotic narrowing 
Graft diameter 
Severity of coronary disease 
No. of bypass grafts 
Type of arterial graft ( ITA = 0, GEA = 1) 
Smoking history (no = 0, yes = 1) 
Diabetes (no = 0, yes = 1) 
Hyperlipidemia (no = 0, yes - 1) 
0.029 0.023 0.055 0.03t 
0.635 -0.066 1.336 0.08 
0.003 -0.02 0.027 0.76 
0.019 0.007 0.03 <0.01t 
--0.009 -0.016 -0.001 0.02t 
--0.364 -0.68 -0.049 0.02t 
0.167 -0.21 0.544 0.38 
0.097 -0.145 0.339 0.42 
-0.665 - 1.048 -0.281 <0.01t 
-0 .4 -0.898 0.0979 0.11t 
-0.107 -0.539 0.325 0.62 
0.012 -0.434 0.459 0.95 
*Graft diameter change was defined as graft diameter at study II minus graft diameter at study I. 
?Variables used for multivariable analysis. 
CI, Confidence interval. 
Table VI. Multiple linear regression model of graft diameter change 
Coefficient 95% CI p Value 
Stenosis in recipient coronary artery 0.0174 0.007 0.076 0.001 
Type of arterial graft (ITA = 0, GEA = 1) -0.649 -0.996 -0.303 0.001 
Smoking history (no = 0, yes = 1) -0.48 0.885 -0.076 0.02 
Coetficient of determinant = 0.40 (Adjusted = 0.37). (21, ConfidenCe interval. 
tween the distal narrowing phenomenon and the 
occlusion of the ITA graft was uncertain. They 
assumed the graft narrowing to be benign if intra- 
operative damage to the graft could be excluded. 
However, it is often difficult to differentiate between 
anatomic occlusion and physiologic occlusion solely 
with angiography. Moreover, we found the effects of 
Competitive flow remained some explanation for 
graft patency even after anatomically patent but 
nonfunctioning grafts were recategorized as patent. 
Although the result after recateg0rization was not 
statistically significant, this may be because of small 
numbers of graft occlusion and less statistical power. 
Assuming a conservative approach, 21 we believe that 
the degree of competitive flow should be a consid- 
eration when an arterial graft bypass is chosen. We 
also consider the prognosis of graft narrowing as 
uncertain and perform revascularization even in 
nonfunctioning grafts, 
Whether the GEA is more likely to be Susceptible 
to competitive flow than the ITA is difficult to 
determine because only one ITA was occluded in 
our series. However, the type of arterial graft may 
affect graft diameter change. A previous in vitro 
Study has shown that the GEA is more susceptible to
vasospasm than the ITA. 23 We have found (unpub- 
lished data) that there is a difference in blood 
pressure between the GEA and the ITA by 10 to 
15 mm Hg when sequential measurements are ob- 
tained. The lower pressure in the GEA might affect 
graft patency and diameter change because the 
vessel might be more susceptible to competitive 
flow. However, more data are required before cir- 
culatory differences between the ITA and the GEA 
are distinguished. 
Limitations. Our study has several limitations. 
First, the sample size is small. Furthermore, the 
study is not prospective or randomized, and thus our 
study is not free from sampling bias. However, our 
findings were consistent with those of previous 
studies with respect o competitive flow and graft 
diameter. Thus the reliability of our results may be 
supported. 
Second, our assumption regarding the relationship 
between ative coronary stenosis and competitive flow 
status has not been empirically proved. Although 
previous tudies have also used this assumption, it is 
technically difficult to measure in vivo coronary flow. 
Recently, aDoppler-tipped angioplasty guide wire has 
been available to detect ranslesional pressure gradi- 
ents and flow changes. 24 This technique will help 
clarify the validity of the hypothesis. 
Third, because the ITA was mostly used with the 
left anterior descending artery whereas the GEA 
was mainly used with the right coronary artery, a 
different pattern of graft use precludes analysis of 
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the relationship between graft patency and types of 
the recipient vessels. In our study sample, we had 
only one occluded ITA, which was anastomosed to
the circumflex coronary artery. The graft was the 
only ITA that had less than 60% stenosis in the 
recipient artery. We did not have enough data to 
specify the main cause for the occlusion of this graft. 
Because all the ITAs that were anastomosed to the 
left anterior descending coronary artery were func- 
tioning and had more than 60% stenosis in the 
recipient vessel, we cannot identify the specific 
relationship between patency of the ITAs and the 
stenosis in the left anterior descending artery as Seki 
and colleagues 1°were able to clarify. Huddleston 
and associates 25reported that patency of the ITA is 
affected by type of recipient coronary artery and that 
graft patency in the left anterior descending artery is 
significantly better than that in other coronary ar- 
teries. As for the GEA, a recent report by Suma and 
associates 26also showed slightly better patency of 
the GEA that was anastomosed exclusively to the 
left anterior descending artery than was shown in 
their previous report of GEAs largely anastomosed 
to the right coronary artery. Thus the observed 
difference in patency between the ITA and the GEA 
might be attributed to different patterns of recipient 
vessel selection. Further research is required to 
detect how different recipient coronary arteries af- 
fect the patency of arterial grafts. 
In conclusion, series of angiograms revealed that, 
during a medium-term postoperative follow-up, 
stenosis in the recipient coronary artery affects 
arterial graft patency, most likely because of 
secondary effects of competitive flow. Furthermore, 
recipient coronary stenosis is also correlated with 
changes in graft luminal diameter with time, which 
might suggest he relationship between graft nar- 
rowing and prognosis of the graft. 
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